Soil Salinity stress has been considered as one of the most severe environmental factors limiting the agricultural production worldwide. This study was aimed to evaluate the influence of plant growth promoting Rhizobium bacteria treatments (T1=without bacteria inoculation, T2=strain Sm29, T3=strain Sm103, T4=strain Rlp307, T5=strain Rlp281, T6=strain Rlp258, T7=strain Rlp266) on morpho-physiological parameters of canola (Brassica napus L.) under salinity stress (0, 3, 6 and 9 ds/m). Experimental treatments were performed as factorial in a Randomized Complete Block Design (RCBD) with three replications (n=3). Inoculation with halotolerant bacteria containing ACC-deaminase activity, IAA producing and mineral phosphate-solubilizing properties (i.e., T5) showed significant (p < 0.05) effect on growth indices, especially plant height and dry weight of the shoot with an increase of 35 and 26% in comparison with the control, respectively. However, T4 treatment with ACC deaminase-producing halotolerant and IAA producing bacteria was more efficient in increasing dry weight of the root (up to 56.5%). Moreover, Inoculation with bacteria that have more growth promoting attributes (e.g., ACC-deaminase activity, IAA producing and mineral-phosphate solubilizing attributes) was found to be highly promising under saline environment and can be taken up for the further field level testing.
Introduction
Canola (Brassica napus L.) is one of the most important oil-bearing crops and considered as the most promising oil source characterized with high seed oil content (40-45%) worldwide (Ministry of Agriculture, 2012) . Also, because of its capability to cultivation in various regions, the high percentage and the desired quality of the oil is considered as a promising energy crop for crude oil production. The increase in global average per capita oil consumption has increased the cultivation of oil seed crop as a key source of lipids for human nutrition, and the scientific researches on these products has gained increased attention (Ministry of Agriculture, 2012).
However, the increase of plant productions has coincided with the decrease in cultivable croplands area due to the limitations of water and soil. Agronomical techniques such as irrigation, drainage, and fertilization can prevent water and soil salinization and alleviate the adverse effects of salinity.
Today's, expanding crop production is one of the main challenges of agriculture. Increasing production in the modern agriculture is extensively dependent upon the optimum use of chemical fertilizers and other inputs, given that using these types of fertilizers triggers even more salinity in addition to high charges, low efficiency, and high risk of environmental pollution (Piranooshe et al., 2011) . Therefore, gradual replacement of chemical fertilizers with organic and biological fertilizers due to some relative advantages such as lack of concern over environmental issues, improve soil fertility, and costeffective (i.e., reduces the costs toward fertilizers use particularly regarding nitrogen and phosphorus)
is considered an efficient step towards sustainable development goals (Piranooshe et al., 2011) .
Rhizobium bacteria are among the most beneficial soil bacteria, which known as biological fertilizer, whose members are most notable for their ability in N2 fixation, and ability to generate plant growth promoting substances, and also because of the existence of technology having the potential to mass production of inoculants (Sessitsch et al., 2002) .
Researches about the positive impacts of Rhizobium bacteria on non-leguminous plants is relatively new, and the most studies reveal that these bacteria may have beneficial effects on non-legume species including rice (Hussain et al., 2009) , maize (Matiru and Dakora, 2004) , wheat and canola (Shakhavat and Martensson, 2007) . The positive effect on plant growth and development following inoculation with rhizobacteria in non-legume crops is related to various mechanisms other than the formation of root nodule and the biological fixation of N2 (Hussain et al., 2009) . Chi et al. (2005) reported that inoculation of rice (Oryza sativa L.) with Rhizobium bacteria increased plant height, weight of the root and shoot, photosynthesis rate, stomatal conductance, Irrigation water use efficiency, absorption of nutrients, and extension of leaf area compared to the control. Production of Indole-3-acetic acid (IAA) and gibberellin has been described as the main reason for increasing plant growth and productivity caused by Rhizobium bacteria exposure (Chi et al., 2005) . The study by Singh et al. (2005) revealed that plant height and fresh and dry weights of the rice increased by 6.9, 45.51 and 18.6% compared to the control, respectively, due to inoculation by Rhizobium bacteria. The same authors reported that the solubilizing of phosphate, and the production of growth regulators were the main reasons for improving plant growth traits. Growth promoting effects of Rhizobium bacteria emphasize the efficiency of some of the Rhizobium strains as plant growth promoting rhizobacteria (PGPRs) and the possibility of using them in cultivating non- plants (Alikhani et al., 2004) , and is also evidence of the necessity of using native Rhizobium inoculants in agricultural soils. Therefore, it is expected that studies on native strains should result in mass production of microbial inoculants that are more efficient for local crop products.
Regarding to the significance of canola in the self-containment programs of the developing countries in the area of acquiring oil, and also the international approach in reserving the natural resources by reducing the use of chemical fertilizers, application of PGPR can be a valuable tool in sustainable agricultural systems. Therefore, the present study was aimed to examine the effects of Rhizobium strains on morphological characteristics of a non-legume plant canola under salinity stress condition.
Materials and Methods

Plant materials and growing conditions
To study the interaction between canola and Rhizobium strains under salinity stress a greenhouse experiment was performed with three replications. (Gupta, 2000) , and potassium by using ammonium acetate) ( Table 1 ).
The nutritional requirement of the plant was provided based on the fertilizer recommendations.
In the next step, 5 kg of soil was measured and put in each pot. In this experiment, the RGS003 cultivar of canola which provided from the Seed and Improvement Institute Karaj (Iran) was used. Five seeds were cultivated in each pot, and then suspension of the selected Rhizobium strains (1 mL) was inoculated to each germinated seed. The negative control (T1) treatment was Yeast extract Mannitol Agar (YMA) medium without bacteria. After the emergence, the weakest seedlings thinned to two in each pot. 
Experimental set up and treatments
The experimental treatments were considered as follows: 1) Salinity stress at four levels (0, 3, 6 and 9 ds/m); and 2) inoculation with Rhizobium bacteria (T1=without bacteria inoculation, T2=strain Sm29, (Patten and Glick, 2002 ), a quality test of ACC-deaminase enzyme production was carried out on the Rhizobial Minimal Medium (RMM) and colony diameter of isolates on RMM + ACC media greater than that of positive control medium (RMM + NH4Cl) was selected as superior isolates (Penrose and Glick, 2001 ) and the quantity test of solublization of insoluble phosphates in the cultivation environment of Sperber liquid was done according to the yellow method (Jeon et al., 2003) . Therefore, to prepare the inoculants of the selected strains, the bacteria were shaken for 48 h in a temperature of 28 ˚C on the culture medium of YMB.
Then, the bacterial suspension was adjusted turbidimetrically to approximately 4×10 9 cfu.mL -1 . 
Measurement of traits
Plants were harvested after 4.5 month of growth and the following characteristics were measured: Plant height, leaf area index, chlorophyll content (SPAD reading), fresh and dry weights of the root and shoot.
Moreover, after providing the plant extracts by dry ashing method, the concentration of phosphorus (P)
in the shoot was measured based on Yellow method, and concentration of potassium (K + ) was determined thorough Flame photometer procedure (Gupta, 2000) .
Also, relative water content (RWC) was calculated on leaf tissues obtained from the forth fully developed undamaged leaf at the top of the plant. They were immediately sealed into plastic bags and fresh weights were measured after samples transferred to laboratory. Then, they were submerged in distilled water in test tubes for 6 h at room temperature and the turgor weight was estimated accordingly. Dry weight was measured after drying the leaf samples in electrical oven at 70 o C for 48 h. Thereafter, RWC (%) was determined through the following formula (Bertamini et al., 2006) : 
Results
Based on the analysis of variance results, the main effect of bacteria and salinity stress was significant (p<0.01) on all the measured characteristics. The interaction effects of bacteria and salinity on chlorophyll content, leaf relative water content, leaf area index and potassium concentration were not significant, however, plant height, dry weight of the shoot and root, root to shoot dry weight ratio (R/S) and phosphorous concentration were significantly (p<0.01) affected (Table 3) by the experimental treatments.
The effect of PGPR on physiological traits of canola under salinity stress
Salinity stress significantly (p<0.01) decreased the average of leaf area index and leaf relative water content. However, the highest value of both previously mentioned traits was observed in S0 (control), and S3 treatments. Also, leaf area index and leaf relative water content showed 38.16 and 19.93 % reduction compared to control, respectively (Table 4) .
Results showed that the value of chlorophyll index (SPAD) was increased with increasing salinity levels, so that the highest value was found in S3 treatment, in which an increase of 25.38% was observed, compared to the respective control (Table 4) .
Inoculation with bacteria showed that the highest value of leaf area (387 cm 2 ) was obtained in T4 treatment followed by and T5 (378 cm 2 ), however, the difference between these two treatments was not statistically significant. In general, T4, T5, 53, T6, T2, and T7 showed 17.6, 14.9, 12, 11, 7.5 and 4% of increase in leaf area compared to the control (T1), respectively (Figure 1-A) . Table 3 . Results of analysis of variance (ANOVA) for the effects of bacteria and salinity stress on morphophysiological characteristics and nutrient concentrations in canola (B. napus L.).
*, ** and ns in order significant different at level 5% and 1% and non-significant Table 4 . Analysis of mean (ANOM) for the main effect of different levels of salinity stress on morpho-physiological characteristics and nutrient concentrations in canola (B. napus L.).
Means in each column with at least one similar letters are not significantly different at the 5% probability level using Duncan
Multiple Range Test (DMRT).
Mean RWC, showed the highest increase (by 8.78%) under T5 treatment followed by T4 (8.68%), also, the difference between these two treatments was not statistically significant. In addition, T3, T6, T2, and T7 increased RWC by 7, 5.5, 5, and 2.76%, respectively (Figure 1-B) . Regarding the index of SPAD, treatments of T5, T3, and T4 caused a significant increase of 8.34, 5.68, and 3.22% compared to the control, respectively. The effect of the other treatments was not significant on SPAD reading (Figure 1-C) . Based on the result obtained from the interaction effect of bacterium and salinity, the highest and the lowest amount of leaf area index and RWC were observed in T5S0 and T1S3 treatments, respectively (Table 5) . Sm103, T4=strain Rlp307, T5=strain Rlp281, T6=strain Rlp258, T7=strain Rlp266). Means in each column with at least one similar letters are not significantly different at the 5% probability level using Duncan Multiple Range Test (DMRT).
The effect of PGPR on plant height under salinity stress
Comparing of mean data through Duncan Multiple
Range Test (DMRT) in the probability level of 5% revealed that the highest plant height was obtained in S0 (control) followed by S1 (low salinity), S2 (moderate salinity), and S3 (high salinity), respectively, by 66.69, 54.5, 46.3 and 36.6 cm ( Table 4 ).
All examined bacteria caused significant increase in plant height compared to the control by 35.17, 27.12, 19.9, 15.4, 14.94 and 8.5%, respectively, in T5, T3, T4, T2, T6, and T7 (Figure 1-D) . Based on ANOVA analysis for interaction effect of bacterium and salinity, the highest and the lowest value of plant height were observed in T5S0 and T1S3 treatments, respectively (Table 5) . Table 5 . The comparison of mean for the interaction effects of salinity stress and bacteria treatments on morphophysiological characteristics and nutrient concentrations in canola (B. napus L.).
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Means in each column with at least one similar letters are not significantly different at the 5% probability level using Dun- 
.). (T1=without bacteria inoculation, T2=strain
Sm29, T3=strain Sm103, T4=strain Rlp307, T5=strain
Rlp281, T6=strain Rlp258, T7=strain Rlp266). Means in each column with at least one similar letters are not significantly different at the 5% probability level using
Duncan Multiple Range Test (DMRT).
The effect of PGPR on shoot and root dry weight under salinity stress
The ANOM showed that shoot and root dry weights reduced 10.25 and 27.89% in S1 treatment, 18.76 and 38.24% in S2, and 31.78 and 50.78% in S3 compared to with and without stress conditions, respectively (Table 4 ).
The results of bacteria inoculation revealed that the highest amount of shoot dry weight was obtained in T5 treatment with an increase of 26.16%, however, the maximum value of root dry weight was achieved in T4 with an increase of 56.5% compared to the control. All of the bacteria treatments caused significant increase in shoot dry weight compared to the control (Figure 2-A, B) .
Double interaction effect of bacterium and salinity
revealed that the highest amount of shoot dry weight was obtained in T5 under all salinity levels. Also, root dry weight under salinity levels of S0, S1, S2, and S3, the maximum value was obtained in T4, T4, T3 and T5, respectively (Table 5) .
The effect of PGPR on root to shoot dry weight ratio (R/S) under salinity stress
Based on the analysis of variance (ANOVA), the root to shoot dry weight ratio (R/S) reduced significantly with the increase of salinity levels. The average R/S under salinity stress of S1, S2, and S3 showed a decrease of 20, 24, and 28% compared to the control (S0), respectively, however, the decrease between S1 and S2 and also between S2 and S3 was not statistically significant (Table 4 ). The bacteria treatments of T3, T4, and T5 with averages R/S ratio of 0.123, 0.122, and 0.108 showed significant increases by 35.16, 34, and 18.68% compared to the control, respectively. T7 treatment, with a decrease of 5.49%, didn't show significant difference compared to the control ( Figure 2C) . Also, the mean comparison of data showed that under all levels of salinity stress, the highest value of R/S index was found in T4 and T3 treatments (Table 5) .
The effect of PGPR and salinity stress on macronutrient concentration
3.5.1. Phosphorous (P)
The average concentration of P in the shoot dropped significantly down with the increase of salinity level.
The concentration of P in the levels of S1, S2, and S3 reduced by 14.28, 19, and 23.8% compared to S0, respectively ( Table 4 respectively. Also, in S1 and S2 levels the T3 treatment showed 14.4 and 3.88% increase in concentration of phosphorus compared to the control (T1S0), respectively, which represent the positive effects of this treatment under low and moderate salinity levels (Table 5 ).
Potassium (K + )
The highest amount of K + was obtained at S3 salinity level, which showed 23% of increase compared to control (S0) condition (Table 4 ). The bacterial treatments increased concentration of K + compared to the control, and the highest values were observed in T3, T5, and T4 treatments, which increased by 14.49, 14, and 13%, respectively (Figure 3-B) . According to the results of mean comparison data, the highest and the lowest amount of K + were found in T5S3 and T6S0 treatments, respectively (Table5). Rlp307, T5=strain Rlp281, T6=strain Rlp258, T7=strain
Rlp266). Means in each column with at least one similar letters are not significantly different at the 5% probability level using Duncan Multiple Range Test (DMRT).
Discussion
In the present study, salinity stress significantly de- Studies by Karlidag et al. (2011) exhibited that the relative water content increased in the leaf samples of strawberries due to inoculation with PGPR under salinity stress. Previous studies showed that an increase in plant growth parameters following bacteria treatment can be a result of production of phytohormones and the enhancement of nutrient availability Gholami et al., 2009; Ghorbanpour and Hatami, 2014) . In another study, it has been reported that the ACC-deaminase producing bacteria leads to the enhancement of photosynthetic leaf area in plants by increasing chlorophyll content (Nadeem et al., 2006) . In our study, T5 and T4 treatments were the best rhizobacterial isolates due to having combination of plant growth promoting activities. Similarly, Hassan et al. (2015) reported that the isolates having both ACC-deaminase activity and nitrogen fixing ability (i.e., WAN1) were more efficient isolates than those of having nitrogen fixing activity or ACC-deaminase activity alone. In our study, only the ACC-deaminase producing strains (T3, T4 and T5) showed significant increase in chlorophyll content compared to the control (Figure 1-C) . The production of ethylene under environmental stress conditions causes plant leaf senescence, therefore, microorganisms contain ACC-deaminase activity regulate the biosynthesis of ethylene through metabolizing its immediate precursor ACC into α-ketobutyrate and ammonia, which in turn prevent the chlorophyll degradation of host plant (Mayak et al., 2004) . As it appears, the growth of root is more affected than that of shoot under salinity condition. Probably the metabolic malfunction and the physiological procedures caused by the stress ethylene are more present in the root than the shoot (Mayak et al., 2004) . Besides, the roots are more in touch with the saline environment than the shoots.
However, decrease in the accumulation of dry substance of the root and shoot might be because of the decrease in length of the root and shoot, and degradation of proteins in the phase of seedling growth (Mayak et al., 2004) . According to the results obtained, plant height, root and shoot dry weight were significantly increased upon inoculation with bacte- Studies by Viscardi et al. (2016) indicated that the tomato inoculated with selected plant growth promoting strains of A. chroococcum (67B and 76A) increased growth and biomass accumulation under salinity stress. Similarity, Banerjee et al (2017) concluded that the inoculation of rice plants with bacterial isolate namely SB5 (IAA and ammonia producing, and phosphate solubilizing strain) and fungal isolate SF4
(IAA and siderophore producing, and phosphate solubilizing strain) remarkably increased root and shoot length. Studies by other researchers have declared that PGPR has positive effects on root and shoot weight, plant growth and yield (Cakmakci et al., 2007; Sirohi et al., 2015) . Therefore, the positive effect of these bacteria on growth of host plants is related to changes in the morphology of the root (mostly the increase of the lateral roots, the number of the absorbing cords, and the length of the root) (Cakmakci et al., 2007) . Mayak et al. (2004) studied the potential of rhizospheric bacteria in increasing the durability of tomatoes under salinity stress. Results showed that bacteria treatment significantly increased fresh and dry weight of the seedlings due to reduction in ethylene content.
They also reported that the increase in plant biomass under stress conditions is due to the development of the root system, which facilitates the absorption of nutrients and water.
According to the results, ACC-deaminase producing bacteria increased growth and root dry weight.
In contrast, the bacteria without ACC-deaminase activity showed little effect on plant growth and dry weight root, which were consistent with the results of Siddikee et al. (2011) . Also, Shaharoona et al. (2007) reported that there is a significant linear correlation between the increase of ACC-deaminase activity of the strains and the increase of root growth. On the other hand, the ACC-deaminase producing bacteria affect the growth of the root and its function through enhanced development of the root system (Shaharoona et al., 2007) . It has been reported that increments in plant growth indices by PGPR strains is supposed to be linked with the ability of these strains in N2
fixation, phosphate dissolution and the production of IAA and ACC-deaminase (Hosseinzadah et al., 2011) . It seems that a mixture of the above mentioned mechanisms in T5 strain treatment has been the most efficient on plant height, root and shoot dry weight of canola seedlings under salinity stress. Hassan et al. (2015) reported similar results.
Based on ANOVA results, the root to shoot dry weight ratio (R/S) reduced significantly with the increase of salinity level. Application of T3, T4, and T5 significantly increased the R/S in compared to the control (Figure 2-C) . The reduction of R/S index under salinity stress can be attributed to the concentration of ACC and ethylene, which are higher in root than shoot tissue (Mayak et al., 2004) . Therefore, ethylene decreases metabolic and physiological activities, and also allocates photosynthetic materials to the root. According to the results, the highest decrease was related to the low salinity and in severe stress, probably there is the osmotic balance between the water-absorbing cells and the outer environment. Increased R/S ratio under salinity stress is a stress resistance indicator. In fact, an increased functional root biomass has been reported to strengthen the root Na detoxification capability (Bano and Fatima, 2009 ). The ratio of R/S increased through inoculation with ACC-deaminase producing bacteria which represent a drop in the adverse effects of stress ethylene on the physiological and metabolic activities of these strains. These results are in agreement with Mayak et al., (2004) .
Also, ACC-deaminase producing bacteria increased resistance of host plants against salinity by increasing the division of photosynthetic materials towards the root via reducing the negative effects of stress ethylene on the root cells of plants under stress (Siddikee et al., 2011) .
The average concentration of P in the shoot significantly dropped down with increasing salinity levels.
The bacterial treatments increased concentration of P in comparison to the control. Our results also showed that inoculation by ACC-deaminase producing bacteria increased the concentration of phosphorus accordingly, and the highest content of P was observed in T3 treatment (ACC-deaminase producing and phosphate solubilizing strain) (Figure 3-A) . It seems that ACCdeaminase producing bacteria increase the solubility or absorption of P, however, the mechanisms have not
been understood yet (Mayak et al., 2004) . Also, Hassan et al. (2015) concluded that ACC-deaminase producing rhizobacteria increase the mobility and availability of plant nutrients in the soil, and as a result increases the nutrient uptake of the wheat plants. The concentration of P didn't show a significant increase in T2 (Phosphate solubilizing strain) in comparison with the control, which is probably due to instability of the solved P in the environment (Rengel, 2008) .
As for the T4 treatment (ACC-deaminase and IAA producing strain) it can be stated that with increase of the number of the absorbing cords of the root, the surface of the root increases 8-15 times more and, therefore, enough volume of the soil around the root is occupied by the root, only a small amount of this volume has a role in yielding low mobility elements like K + and P (Baset Mia et al., 2010) . About the T5 treatment (ACC-deaminase, IAA producing and solubilizing mineral insoluble P) we can state that, the amount of dry material was high, therefore, because of the dilution effect, the concentration of P declined compared to T3 treatment. However, in T6 treatment, P concentration was significantly increased. Cumming et al. (2015) stated that the PGPR play a significant role in producing a suite of compounds that weather minerals in the rhizosphere, which establishes their functional role as "phosphate solubilizing bacteria". Additionally, PGPR may stimulate exudation of compounds by their host plants capable of altering nutrient disequilibria, which could also play a role in altering nutrient solubility equilibria in the rhizosphere.
Under salinity stress, the amount of K + in canola plants was significantly increased. However, the bacterial treatments increased the concentration of K + compared to the control (Figure 3-B) . Gholami and Rahemi (2010) showed that the amount of K + increased significantly in shoot with increasing drought stress, adjusting the osmotic pressure and stomatal control.
According to our results, inoculation with ACC-deaminase producing bacteria (i.e., T5, T3 and T4) was more efficient in increasing K + compared to the control. Yue et al. (2007) reported that the inoculated ACC-deaminase producimg strains showed high increase in K + and low in Na + compared to the control. The increase in the accumulation of K + following bacterial treatments can probably be due to the fact that PGPR (ACC-deaminase producing bacteria) changes the selectivity of Na + and K + under salinity stress, and by limiting the absorption of Na + they increase the absorption of K + meaningfully (Hamdia et al., 2004) . Also, the preferred accumulation of K + in the leaves can be a result of the activities of membrane, resulting in excretion of proton from the roots (Karlidag et al., 2011) .
Conclusions
Salinity stress lead to a significant decline in all of the morpho-physiological characteristics (except for the chlorophyll and potassium concentration) compared to the control. Inoculation with Rhizobium ACCdeaminase-producing bacteria resulted in increase in all of the growth indices (especially plant height, root and shoot dry weight) through reducing the adverse effects of salinity, compared to the control. This positive effect was more noticeable along with other growth promoting characteristics such as IAA production and phosphate solubilizing capability as well as ACC-deaminase activity. In general, it can be concluded that using the Rhizobium strains which have a combination of growth promoting characteristics (e.g. T5 treatment) was more efficient in increasing the growth and performance of the canola plant than the others. This may be due to nutritional balance occurred in this treatment, and is therefore introduced as the best Rhizobium growth promoting inoculums for canola plants under salinity stress. The results from this study confirm that in order to move toward sustainable agriculture, using local bacterial inoculums can be environmentally friendly method to improve both the growth and productivity of the plants under salinity stress.
